The article describes the possibilities of intensifying the extraction of the anthocyanin pigment from black currant in the presence of polysaccharides, as well as the possibility of its use in the production of sweet dishes. The conducted studies show that anionic polysaccharides such as kappa-carrageenan, carboxymethyl cellulose and sodium alginate have the greatest extracting properties. The maximal release of anthocyanin pigment is observed in the reaction medium in the presence of the kappa-carrageenan anionic polysaccharide at a concentration of 0.1 wt.%. Determination of the dynamic viscosity of anionic polysaccharides solutions showed that under the presence of anthocyanin pigments the dynamic viscosity value increases. The dynamic viscosity of the solution of chitosan cationic polysaccharide in the presence of anthocyanin pigments decreases. It is shown that the anthocyanin pigment has antioxidant properties. Adding an 8% solution of anthocyanin pigments and carboxymethyl cellulose (0.05 wt.%) into the production of vanilla cream allows to obtain a product with high organoleptic characteristics.
INTRODUCTION
Along with the taste properties of products, their appearance and colour are also the key indicators of quality. Colouring of food products is widespread in the culinary practice and must comply with the specifications and technical documentation. Different food dyes that relate to food additives are used to preserve, enhance or impart a specific colour to food products.
Most natural dyes have colour instability during storage and heating and change under the influence of external factors. Consequently, cheaper synthetic dyes ousted natural pigments from food production.
The synthetic dyes currently used for colouring foods often contain harmful or potentially harmful to human health substances. Therefore, recently an issue has been brought up that relates to safety and limiting the use of synthetic dyes in food production and using mostly dyes of natural origin for this purpose. Unlike many synthetic dyes, natural dyes are non-toxic and impart a natural colour. Many of them have a high level of antioxidant activity (Nems et There is a global trend of higher demand for red anthocyanin pigments as aside from colouring components they contain other useful biologically active substances. Vitamins, glycosides, organic acids, aromatic substances, microelements contained in anthocyanins have many useful properties: they lower cholesterol, prevent blood clots, increase the elasticity of blood vessels, accelerate wound healing, have a positive effect on vision, contribute to cancer prevention (Lule, Xia, 2005; Konczak, Zhang, 2004; Mokeev, 200; Nakaishi et. al., 2000) .
The source of natural red anthocyanin pigments is natural plant materials (flower petals, berries, fruits and vegetables, etc.), as well as wastes of juice and canning industries.
The presence of anthocyanin pigments gives the plants a wide range of shades from red to blue and purple (Gizir et. al., 2008) . Anthocyanins belong to the group of flavonoid natural dyes and contain from three to six hydroxyl groups that can be methylated (Tanichev, 1980 Deineka et al., 2007) . Due to the above mentioned, the goal of the present research is to examine the extraction intensification of anthocyanin pigments from black currant in the presence of polysaccharides, as well as the possibility of using this dye in the production of sweet dishes. Selection of polysaccharides as the extracting agents required for anthocyanin pigments release is due to their ability to interact electrostatically and form stable complexes at the account of charged groups present in them (Kruif, Tuinier, 2001 ). In addition, natural polysaccharides are non-toxic and allow using the system of the anthocyanin pigment-polysaccharide in food production by regulating their colour and consistency.
Research materials and methods
Frozen black currant berries were used as objects for the anthocyanin pigments release (Ríbes nígrum). Extraction was carried out with the aqueous polysaccharide solution. The following extractants were used: anionic polysaccharides, kappa-carrageenan (MCS, Korea), carboxymethyl cellulose (MCS, Korea), sodium alginate (Foodchem, China), the cationic polysaccharide chitosan (OOO "Biopolymers", Russia) and neutral starch polysaccharide (potato starch, Germany). The concentration of polysaccharides in the mixture with water was 0.05, 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6 wt.%.
The crushed raw materials had been treated with the aqueous polysaccharide solution at 70°C for 1 hour and then had been filtered. The intensity of the solution colouring was determined by the change in optical density with the "Unico 1210" spectrophotometer (Russia) at a wavelength of 550 nm.
Determination of the solutions dynamic viscosity was performed on the Brookfield Viscometer DV-II+PRO, USA.
Anthocyanin pigment solutions for the determination of antioxidant properties are prepared by homogenizing frozen fruits with water and thermostating at 70°C and 25°C for 1 hour. Measurement of the antioxidant activity was carried out on the "TsvetYauza-01-AA" device, Russia.
Results of the research and discussion
Since the type of a polysaccharide could greatly affect the degree of pigment release from black currant, in this work we studied the dependence of solution colouring intensity on the type of an introduced polysaccharide.
The dependence of the optical density of the anthocyanin pigment from black currant on the concentration and type of polysaccharides is shown in the following Figure 1 .
The obtained results show that it is evident that the introduction of the kappa carrageenan anionic polysaccharide into the system as an extractant promotes the release of the black currant anthocyanin pigment. The maximum concentration of the pigment is achieved when administered into the kappa-carrageenan system, 0.1 wt.%. This is due to the electrostatic interaction of the kappacarrageenan anionic polysaccharide and cationic anthocyanins. A stable complex is formed due to the interaction, contained in a heterocyclic ring of oxygen anthocyanins that is capable of interacting with the negatively charged sulfate groups of the polysaccharide. Further increase in the concentration of kappa-carrageenan may lead to the saturation of the heterocyclic ring, which leads to a lower degree of anthocyanin pigments release.
The use of the chitosan cationic polysaccharide as an extractant does not affect the degree of anthocyanin pigments extraction. This is consistent with the results of the work (Jing et al., 2011) , wherein the chitosan cationic polysaccharide is used to purify and stabilize the anthocyanin pigment. Electrostatic repulsion between like-charged functional groups is observed in the solutions of the cationic polysaccharide and cationic anthocyanin pigment. A further increase in the chitosan concentration leads to its absorption by pectins and proteins complexed with anthocyanins, which causes the destruction of the complex and loss of pigment.
Neutral starch polysaccharide at a concentration of 0.05 wt.% insignificantly enhances the degree of anthocyanin pigment extraction. A further increase in the concentration of starch in the pigment-polysaccharide system leads to a slight decrease in the extraction degree.
Thus, the charge of an extractant has a significant impact on the degree of anthocyanins extraction. Adding the anionic polysaccharide of kappa carrageenan to the system makes it possible to extract the most anthocyanin pigment from the anthocynainin containing raw materials.
Since the stability of anthocyanin pigments significantly depends on the system pH (Sui et. al., 2014; Bicard et. al., 1999) , perhaps the reason for such a complex dependence of the extraction degree is determined by examining the results of the changes in the pH of anthocyanin pigments solution in the presence of polysaccharides since the polysaccharides are likely to affect the change in the system pH. Dependence of the pH of the anthocyanins pigment solution on the concentration and type of polysaccharides is shown in Figure 2 .
The obtained data show that the introduction of the anionic polysaccharide of kappacarrageenan and the cationic polysaccharide of chitosan into the system containing the anthocyanin pigment results in a change in the system pH.
The comparison of the data on the dependence of the colour intensity of the pigmentpolysaccharide system (Figure 1 ) with the change in pH of the anthocyanin pigment solution in the presence of an anionic polysaccharide of kappa carrageenan shows that the smallest value of pH of the solution (pH = 2.8) at a concentration of polysaccharide 0.1 wt.% corresponds to the greatest degree of anthocyanin pigments release.
Introduction of the chitosan cationic polysaccharide system increases the system pH from 3 to 5, thereby reducing the degree of the anthocyanin pigment release. In the acid medium (pH d" 2) anthocyanins are resistant to external factors, as they exist in the form of a bright red flavilium cation, so with the given values of pH they are stable (Liu et al., 2014) . When pH increases from 2 to 6, colourless pseudo base (carbinol) and chalcone are formed, which leads to the disintegration of anthocyanins and thus to a decrease in the intensity of their colour. This indicates that the decrease in the degree of anthocyanin pigments release occurring together with the increase in the anionic polysaccharide system is due not only to the saturation of the anthocyanins heterocyclic ring, but also depends on the solution pH.
Research on the influence of the anionic polysaccharides of carboxymethyl cellulose and sodium alginate on the extraction degree of anthocyanin pigment is shown in Figure 3 . Anionic polysaccharide kappa-carrageenan is used a standard.
As seen from the graphic dependence, the replacement in the kappa-carrageenan system with carboxymethyl cellulose and sodium alginate results in the decrease in their concentrations from 0.1 to 0.05 wt.% for maximal release of the pigment. However, at a given concentration of these polysaccharides in the solution, the optical density values of anthocyanin pigment-polysaccharide solutions are lower than in the presence of kappacarrageenan and amount to 0.8 and 1, respectively. Perhaps, the nature of the polysaccharides functional groups significantly affects the degree of extraction of anthocyanin pigments. The presence of the most reactive sulfate groups in kappa carrageenan contributes to fuller interaction between kappa carrageenan and anthocyanins (Ermak et al., 2013) . Further increase in these polysaccharides in the system leads to a decrease in the degree of extraction of the pigment.
Since polysaccharides in the system act as gelling agents, we studied the dependence of the viscosity of the anthocyanin pigments solution on the type of polysaccharide in this paper. The studies have shown that the introduction of the anthocyanin pigment into a system containing a polysaccharide influences the rheological properties of the polysaccharide solution. The system containing the anthocyanin pigment and anionic polysaccharides kappacarrageenan, carboxymethyl cellulose and sodium alginate had the highest viscosity. In contrast, the presence of anthocyanin pigments and cationic polysaccharide of chitosan or a neutral starch polysaccharide in the system greatly reduces the viscous properties of the solution.
Thus, it has been found that polysaccharides have a noticeable effect on the viscosity of the system containing the anthocyanin pigment causing both its increase and decrease. This change in viscosity is due to the charge of the introduced polysaccharide.
Extending the shelf life of finished products is very important both for producers and for retail outlets. Therefore, in this paper we studied the antioxidant activity of the pigment that affects both the timing of products and their biological value.
The study of the antioxidant properties of anthocyanin pigments extracted from black currant is shown in Figure 5 .
The conducted studies have shown that the solutions containing anthocyanin pigments from black currant have antioxidant activity. The values of antioxidant activity ranged from 16 mg/g to 18 mg/g, depending on the method of release.
The aim to give the product a wide range of colours (from red to violet) and a high antioxidant activity of anthocyanin pigments lead to the possibility of their use in the production of foodstuffs. Application of anthocyanin dyes is very promising for colouring gelled desserts pink and red. Vanilla cream was chosen as an object of colouring. Furthermore, the introduction of the anthocyanin pigment-polysaccharide system into the product at the stage of production allows replacing the gelling agent, incorporated in the recipe.
The examined system consisting of the anthocyanin dye at concentrations of 2, 4, 8, 10 vol.% and carboxymethyl cellulose at a concentration of 0.05 wt.% was added as a stabilizer into vanilla cream during its preparation, replacing gelatine incorporated in the recipe. Depending on the concentration of the used dye, the cream acquired different shades of pink. Vanilla cream with added anthocyanin pigments at a concentration of 8 vol.% had the best organoleptic indicators. At this concentration of the anthocyanin pigment, the cream acquired light pink colour and a pleasant sweet-sour taste of currant. The energy value of vanilla cream with the added anthocyanin pigment amounted to 318.44 kcal.
CONCLUSIONS
During the extraction of the anthocyanin pigment, the most effective method is to extract it in the presence of anionic polysaccharides. The charge of the polysaccharide and the pH value of the system are essential during the extraction of the anthocyanin pigment. Furthermore, the use of the anthocyanin dye to impart colour to sweet dishes allows producing a product of pleasant light pink colour, while maintaining the beneficial properties and safety of the product for the consumer.
